This study provides a systematic and phylogenetic overview of the extinct reptant decapod family Mecochiridae. Mecochiridae are distinguished from both their traditional out-groups, Glypheidae and Erymidae, using cladistic and geometric morphometric techniques. Cladistic analysis of 12 species using 21 traditional and new characters verifies the in-group genera Mecochirus and Pseudoglyphea. Glyphea emerges as a sister group to Pseudoglyphea, suggesting a re-assignment of the genus to Glypheidae. The genus Meyeria is recovered as paraphyletic, suggesting the establishment of a new taxonomic group for species of Meyeria that exhibit a posterior tuberculated ridge, a well-developed hepatic bulge or ridge, and unornamented pleura. Both relative warp and Eigenshape analysis of the carapace and groove patterns that have long been used as descriptive morphological features succeeded in highlighting modes of shape change that when subjected to a discriminant analysis proved useful in distinguishing members of Mecochiridae. This study shows that landmark geometric morphometric methods and eigenshape analysis can be used to investigate the fidelity of existing taxonomic groupings based on other methods, and that an integrated cladistic and morphometric methodology has the potential to aid in resolving relationships among other unknown or problematic fossil taxa.
INTRODUCTION
Mecochiridae van Straelen, 1925 is a family of morphologically distinct decapod crustaceans that appeared in the Early Jurassic (Sinemurian) and become extinct in the Late Cretaceous (Campanian). They are easily distinguished from their modern relatives, Astacidea (clawed lobsters and crayfish) and Achelata (spiny lobsters) in that their front pereiopods are extremely elongate, in some instances as long as the pleon and cephalothorax combined. Mecochiridae are currently considered to comprise 48 species in 7 genera (Schweitzer et al., 2010) .
Consistent and distinctive morphological characters that can be used reliably to distinguish Mecochiridae are rare, and the majority of characteristics used in previous classifications have been highly subjective and qualitative. This study aims to resolve relationships and status of genera included in Mecochiridae by exploring available literature and employing modern cladistic and morphometric techniques to the analysis of taxonomic characters.
This study uses existing (Förster, 1971; Simpson and Middleton, 1985; Tshudy and Babcock, 1997; Feldmann et al., 2002; Amati et al., 2004) and newly developed morphological characters to subject for the first time some of the constituent taxa of Mecochiridae to a cladistic analysis in order to investigate the fidelity of existing taxonomic groupings. Morphometric techniques are employed both to investigate shape in respect to generic delimitation, and for distinguishing Mecochiridae from related taxa.
The taxonomy of the group has only recently been identified as in need of revision. Molecular (Ahyong and O'Meally, 2004) and morphological (Schram and Ahyong, 2002) data have revealed that the extant glypheoids, Neoglyphea inopinata Forest and de Saint Laurent, 1975 (Forest et al., 1976) and Laurentaeglyphea neocaledonica Richer de Forges, 2006 (Forest, 2006a are allied with Astacidea rather than Palinura, as was previously thought (Forest and de Saint Laurent, 1989 ). These observations have subsequently suggested the reallocation of Glypheidae within the superfamily Astacoidea while leaving Mecochiridae within the superfamily Glypheoidea. This realignment would result in the taxonomic incongruence of a superfamily no longer containing its type family (Forest, 2006b) . Subsequent efforts to resolve this issue using morphological data, such as a cylindrical carapace cross-section (see Feldmann et al., 2002; Schram and Dixon, 2004) , have suggested that Mecochiridae continue to be allied with Glypheidae but placed within Astacidea. However, without molecular data from modern representatives of other genera within Glypheoidea, this reallocation could be seen as tentative when considered alongside the evidence for the reallocation of Glypheidae. Recent comprehensive attempts to resolve fossil decapod systematics (De Grave, 2009; Schweitzer et al., 2010) have led to the allocation of Mecochiridae to the superfamily Glypheoidea within the infraorder Glypheidea.
The taxonomy of Mecochiridae at the generic level is historically complex and the current status of the included groups is uncertain (Glaessner, 1969) . Characters used to define genera tend to overlap or cross over higher taxonomic boundaries, e.g., the presence of a diaeresis on the exopod of the uropod, type of carapace ornament, and development of subchelate claws (Amati et al., 2004) . At present there are the 48 species belonging to 7 genera within Mecochiridae (after Schweitzer et al., 2010) Woodward, 1868; and 17 within Pseudoglyphea Oppel, 1862 . It is possible that many of these species are synonymous because many remain uncertainly identified at the species level (Förster, 1971) .
This study aims to provide an overview of Mecochiridae while providing new insights into the group. Characterbased cladistics highlight generic relationships within the family while the employment of contemporary morphometric techniques enables the utilization of shape as a taxonomically informative source of data that is successfully used here to validate existing groupings.
MATERIALS AND METHODS
Species included in this analysis differed in their quality and mode of preservation. The thickness of the cuticle is thought to play a major role in the preservation of arthropod remains and can be observed in the differences between the two-dimensional preservation of the thin cuticle of Mecochirus and the three dimensionally preserved Glyphea, notable for a thick, heavily ornamented cuticle, thus resulting in a poorly represented Mecochirus in the fossil record. Only those specimens that showed little to no distortion were selected for further analyses, effectively limiting sample size but essential in removing important sources of error. Although larger sample sizes are effective at removing individual anomalies of shape variation in morphometric analyses, the vagaries of preservation are an inevitable obstacle and should thus be considered when working with fossil material. Specimens were carefully positioned to obtain a consistent profile when imaged, mitigating for another source of error. It should also be noted that the differential preservation of different species might also limit the availability of characters for cladistic analyses. The specimens used in this study were chosen on the criteria that the morphological components necessary for character coding be present and clear.
Cladistic Analysis
Parsimony analyses were conducted using PAUP version 4.0 beta 10b (Swofford, 2002) using the exhaustive search option. All 21 binary and multi-state characters were un-ordered and un-weighted (Appendices I and II). Other settings included; 'Maxtrees' setting -100, Branches collapsed (creating polytomies) if maximum branch length was zero, 'MulTrees' option in effect, Topological constraints not enforced, Trees were unrooted. Character-state optimization: Accelerated transformation (ACCTRAN), Branch-swapping algorithm: tree-bisection-reconnection (TBR).
To resolve the delimitation of the genera within Mecochiridae and distinguish the family from other taxa, I performed a cladistic analysis using specimens from The Natural History Museum (London) (NHM) (Appendix III) and line drawings in published articles by Feldmann (1995) and Garassino (1996) . A total of 46 specimens were included in the analysis, 33 represented the in-group genera Mecochirus, Meyeria, and Pseudoglyphea (Fig. 1) . Thirteen specimens represented the two out-group taxa, Eryma guisei Wright, 1882, and Glyphea rostrata Phillips, 1829 (Apendix III). Glyphea was chosen as an out-group due to the historical taxonomic affiliation of the genus with Mecochiridae (Glaessner, 1969) , while Eryma was included to investigate a possible relationship between Mecochiridae and Astacidea (Feldmann et al., 2002; Schram and Dixon, 2004) .
While some characters were chosen from previous studies by Förster (1971) , Simpson and Middleton (1985) , Tshudy and Babcock (1997) , Feldmann et al. (2002) , and Amati et al. (2004) , others were created through the observation and delimitation of morphological features seen during examination of the museum specimens. Due to the typically poor preservation of Mecochirus, and to avoid choosing characters applicable only to certain species, delicate morphological features, e.g., pleopods, antennae, and mouthparts, were excluded from the character list. The characters chosen include features of the pleon, cephalothorax, and the first two pereiopods (as these tend to be more calcified and thus more commonly preserved than the other walking appendages).
The angles of the cervical (e) and branchiocardiac groove (a) (Fig. 2) are continuous dimensions that required delimitation for use in the cladistic analysis. The data were collected by measuring the individual groove angles on each specimen using the tpsDig program (Rohlf, 2006) . All angles were measured from the dorsal midline to capture the trend of the groove. Delimitation of the groove angles into a character state was achieved via examination of all angle data collected. These data showed continuous overlap in branchiocardiac groove (a) angle from 10-21u within the genera Meyeria and Mecochirus, and 23-46u within the genera Pseudoglyphea, Glyphea, and Eryma. These two ranges were therefore used as a binary state character. The cervical groove was also delimited into a binary state: species with a cervical groove (e) angle above 50u or below 50u. Three specimens of Meyeria magna McCoy, 1849 exhibited a cervical groove (e) steeper than 50u, making the data completely continuous. The mean groove angle of each sampled species was used to delimit the character. Delimiting continuous dimensions into discrete characters allows the collection of more data that can be used for phylogenetic analysis. Here, the delimitation of the branchiocardiac groove into a character with binary states may be deemed more reliable that the delimitation of the cervical groove based on mean scores for the genus, as there is no overlap in the branchiocardiac groove data. However, one of the aims of this study is to test morphological features that have previously been used to define existing taxa. All specimens were oriented so the anterior of the cephalothorax was to the right.
Relative Warp Analysis
Relative warp analysis (Bookstein, 1991) is a principal components analysis of the thin-plate spline deformations from the mean shape of a given dataset to each individual shape. Thin-plate splines are a tool that enables the visualization of shape change through the metaphor of bending an infinitely large and infinitely thin steel plate in that higher energies are required to bend the sheet locally (non-affine change) than globally (affine change). The analysis itself produces warp scores that can be used to identify trends through clustering of the data. This analysis was deemed suitable for investigating shape in the carapace due to the morphological aspects of the carapace representing discrete homologous biological features.
Nine landmarks were chosen to quantify the shape of the cephalothorax and marked on each specimen via digital imaging using a Zeiss Axiocam with an integrated computer interface (Fig. 2) . Type 1 landmarks can be defined as local information, e.g., junctions of anatomical features or apexes of features, while type 2 landmarks represent a relatively local feature such as maximum or minimum curvature (Bookstein, 1991) . Landmarks 1, 2, 3, and 9 are type 1 while 4, 5, 6, 7, and 8 are type 2. Type 2 landmarks were included due to the lack of available distinct components exhibited on the cephalothorax. Both eigenshape and Fourier outline analysis were deemed unsuitable for capturing the shape of the cephalothorax due to the varying preservational states of each specimen; while the parts of the carapace chosen for landmark analysis were present, missing fragments would have proved problematic for an outline analysis. All landmarks were digitized using tpsDig v1.4. Raw x-y coordinate data were obtained by creating data files of the positions of the digitized landmarks. The major trends in cephalothorax shape variation within these data were then summarized via relative warp analysis using tpsrelw v1.45 (Rohlf, 2007) .
Eigenshape Analysis
Eigenshape analysis allows the decomposition of complex continuous shape variables (open or closed digitized outlines) for multivariate analysis and can also be used as a visualization tool (MacLeod, 1999) . This method is especially suited to the investigation and quantification of betweenspecies variation of diagnostic carapace grooves.
The outlines of both the branchiocardiac (a) and cervical (e) groove, were captured using ImagePro software as open curve outlines consisting of 300 individual x-y semi-landmark coordinates. Conversion of an equal number of x-y coordinates from each specimen into angles (Q) removed size from the analysis. The x-y data for either groove on each viable specimen was then subjected to a standard eigenshape analysis (MacLeod, 1999) . Eigenshape analysis describes a curve (or the ''groove patterns'' in this study) as deviations in the angle (Q) of a step (coordinate) from the expected angular direction of a previous step. This description is achieved by deriving a set of empirical orthogonal shape functions via an eigenfunction analysis of a matrix of correlations between shapes (outlines) (see Lohmann, 1982; Lohmann and Schweitzer, 1990) . The eigenvalues and eigenfunctions (singular vectors) for major axes of variation are obtained through a standard eigenshape analysis. These eigenvalues account for the vector lengths of each axis, and the amount of shape variation represented by those axes, while the eigenshape functions describe the actual mode of shape change (produced as vector multiples of the covariance/correlation matrix). Scores of individual shapes on the eigenshape functions are also obtained through standard eigenshape analysis. These represent the position of a particular object (specimen) in the morphospace, constructed by the eigenshape functions. The outlines in this study represent discrete morphological features (groove patterns) common to each specimen; therefore the outlines collected from each specimen are relative to one another. Eigenshape analyses were performed by uploading digitized outline data to the ESModel program (Krieger, 2006) available via the PaleoNet Page FTP site. The ESModel program outputs eigenscores, eigenvectors and eigenshapes that are downloadable for further analysis.
RESULTS

Cladistic Analysis
An exact parsimony search was carried out yielding a single most parsimonious tree of 51 steps with a consistency index (CI) of 0.76, a rescaled consistency index (RC) of 0.58 and a retention index (RI) of 0.76 (Fig. 3) . Bootstrap percentages represent 10,000 replicates. Bremer support (Bremer, 1994) was obtained by decaying the most parsimonious tree via increasing the ''longest tree kept'' option in PAUP* by N + 1, + 2, + 3 and so forth until all clades in the tree collapsed into polytomy. The number of the step at which a clade is lost, i.e., collapses into a polytomy, is taken as the Bremer support. Basal clades appear to be better supported with values of 2 or 4 while derived clades appear less stable (values of 1).
Relative Warp Analysis
The first four relative warp axes account for 91.93% of the observed shape variation. Axes 5 to 14 account for , 8% each. The first axis explains 33.42% of the variation, the second 21.92%, the third 15.80% and the fourth 8.21%. The mode of shape change represented by each axis was investigated using the TPS warp grids. The first relative warp describes the depth and length of the carapace, particularly the length of the dorsal margin with respect to the cephalic region, producing either sub-rectangular or rounded shapes, as well as an angular or rounded hepatic region (Fig. 4) . The second relative warp describes the length of the anterior cephalic region, defined posteriorly by the cervical (e) groove, the width of the branchial region, and the prominence of the posterior keel of the branchial region (Fig. 4) . The third relative warp described the prominence of the rostrum and cephalic region with respect to the remainder of the cephalothorax, producing long or ''snub-nosed'' models (Fig. 5 ). This axis also describes the ventral width of the carapace. Relative warp 4 described shape variation in the dorso-ventral compression of the carapace and the distance between landmarks 8 and 9 (hepatic region), this may also be described as a ''flattening'' of the venter to produce a more rectangular shape. Regression of shape (taken as the digitized landmarks of each specimen) onto centroid size revealed no statistical significance, therefore shape allometry is not considered as contributing to the observed variance.
Although no discrete groupings occur in the relative warp scatterplots, it was observed that the generic groupings occur in particular areas with varying degrees of overlap. Glyphea rostrata occurs as a consolidated group along the first axis, reflecting the elongate, sub-rectangular shape of the carapace, while Pseudoglyphea occupies the bottom left portion with some overlap with Eryma guisei and Mecochirus socialis von Meyer, 1841. This probably represents the deeper, rounded carapace shape of Pseudoglyphea. Meyeria occupies the central area of all scatter plots, showing a slight trend towards the top left in Fig. 4 ; its shape shows little variation from the reference shape other than the genus exhibiting a slightly more bulbous carapace with a larger, rounded posterior margin. Fig. 5 shows the groupings with considerable overlap; however, G. rostrata retains its identity as a consolidated group along the X axis (RW1), and the genus Mecochirus occupies the peripheral top right corner of the overlapping groups with the position of M. socialis at the top end of the Y axis (RW3), reflecting the large and pointed cephalic region/ rostrum relative to the remainder of the carapace observed in the species. The plot of relative warp 2 and relative warp 3 ( Fig. 5 ) also reveals Mecochirus as a peripheral group due to the genus having relatively large cephalic regions, and Pseudoglyphea as occupying the left portion of the plot with some overlap from E. guisei and G. rostrata reflecting that Pseudoglyphea, Eryma, and Glyphea have wider, deeper and rounder bodies relative to their cephalic region.
Linear discriminant analysis was then used to identify which of the variables (relative warps) best achieved the between-group discrimination. All species where N . 1 were included (Mecochirus germari Gerassino, 1996; Meyeria pueblaensis Feldman and Vega, 1995; and Pseudoglyphea etalloni Opel, 1862 were excluded). The specimens were grouped into species that acted as the dependent variable, while the 14 sets of relative warp scores were used as the independent variables.
Results obtained through the discriminant analyses show that the distribution of data for the variables is not normal, and that that the contribution of each variable is different. The results of the discriminant analysis show that the first four discriminant functions provide . 91% of the discrimination between the training sets, on which assessment of the discriminant space was based. How these functions discriminate between groups can be visualized by plotting individual score's of each specimen for each function as axes. Combinations of the linear functions enabled discrimination at the generic level (Figs. 6 and 7) . Removal of both out-groups from discriminant analysis enabled the discrete discrimination of all three genera included in the in-group, using the first three discriminant functions.
Eigenshape Analysis
Standard eigenshape analysis of both the open-curve outline data from the cervical (e) and branchiocardiac (a) groove of each specimen was performed separately, yielding sets of data for both grooves.
A total of 38 specimens exhibited preservation of the branchiocardiac (a) groove. Thirty-eight sets of eigenscores (components) were produced with the first four accounting for 73% of the observed variation. Eigenscores 5 to 38 each accounted for less than 4% of the observed variance. Scatter plots produced from the individual eigenscores (Figs. 8 and 9) showed considerable overlap at the generic level. Eryma guisei is isolated to the right on the axis of component 1 along with Pseudoglyphea grandis (von Meyer, 1837) and P. etalloni (Fig. 8) . The associated visualizations of the shape change encompassed by this axis shows that E. guisei exhibits a steep branchiocardiac groove with a deep, ventrally oriented, narrow hepatic (b 1 ) groove. Visualization of the shape change described by component 2 can be seen as the orientation of the hepatic groove relative to the angle of the branchiocardiac groove. The genera Meyeria and Mecochirus both trend toward the top of the axis in Fig. 8 describing the backward curved hepatic groove (b 1 ) and shallow-angled branchiocardiac (a) groove. Component 3 described the depth of the hepatic groove, both Meyeria and Mecochirus exhibit a trend toward the bottom of downward on the scatter plot (Fig. 9) in accordance with the less defined shape and reduced depth of the hepatic groove (b 1 ). Thirty-eight specimens exhibited suitable preservation of the cervical groove (e) to allow open-curve outlines to be digitized. Standard eigenshape analysis of the data collected produced 38 eigenscores (components) the first three of which account for 63% of the observed variance. The scatterplot of component 1 and 2 (Fig. 10) clearly shows the genera Meyeria and Mecochirus as occupying the right of the plot along the axis of component 1 while the genera Pseudoglyphea, Glyphea, and Eryma trend toward the right. Although some overlap does occur, the visualization of the shape change represented by these axes shows that Meyeria and Mecochirus occupy the space represented by a more gradual curve of the cervical groove (e) while the genera on the left of the axis exhibit a more angular, steeply rounded cervical groove (e). Component 2 describes the curve and angle of the anterior portion of the cervical groove (e). The scatter plot of components 1 and 3 ( Fig. 11) maintains the distribution along the axis of component 1 while E. guisei is established as a near discrete group at the bottom portion of the axis of component 3, reflecting the well-rounded anterior part of the cervical groove (e) characteristic of the species.
The discriminant analysis of the branchiocardiac groove (a) eigenscores produced 8 discriminant functions. The first 3 functions accounted for 90% of the observed variation (Figs. 12 and 13 ). Function 1 (X) clearly discriminates Eryma to the left of the plot while Meyeria and Mecochirus show a trend to the right. Glyphea exists as a central grouping. Function 2 (Y) discriminated Pseudoglyphea: P. ancylochelis (Woodward, 1863) clusters at the bottom of the axis while P. grandis occurs toward the top. The scatterplot of functions 1 and 2 shows similar groupings: Eryma and Pseudoglyphea occur as discrete clusters, with component 3 placing all specimens of Pseudoglyphea with a trend toward the top left of the plot, while Meyeria and Mecochirus become more overlapping. Removal of the outgroups Eryma and Glyphea from discriminant analysis of the branchiocardiac groove enabled the discrimination of Pseudoglyphea from the other in-group genera.
The results of the discriminant analysis run on the eigenscores for the cervical groove (e) produced 8 discriminant functions, the first four of which accounted for 95% of the observed variation (Figs. 14 and 15) . The scatter plot of functions 1 and 2 discriminate Mecochirus longimanatus and Mecochirus socialis into a discrete group, with Mecochirus longimanatus (Schlotheim, 1822) Fig. 9 . Scatterplot of components 1 and 3 produced by eigenshape analysis of the branchiocardiac (a) groove. toward the bottom of the Y axis (function 2) and M. socialis to the right on the X axis (function 1), positioning them far away from the central cluster of Meyeria and Pseudoglyphea. The genera Glyphea and Eryma also occur as discrete groups separated along the Y-axis. Function 3 appears to have a major influence on Pseudoglyphea, separating it from the central cluster with a trend toward the bottom of the Y-axis. Removal of both Eryma and Glyphea from the discriminant analysis of all cervical (e) groove eigenscores produced a scatter plot with all groups tightly aligned to the X-axis only, and all individual points overlapping within the groupings. This phenomenon was a result of the removal of variables associated with Eryma and Glyphea from the analysis.
DISCUSSION
The single most parsimonious tree produced by the cladistic analysis clearly shows that the genera Mecochirus and Pseudoglyphea are monophyletic (Fig. 3) , while Meyeria is paraphyletic. Pseudoglyphea occurs basal to these genera in a grouping with Glyphea. Eryma occurs as basal to all other included taxa. The clade containing Meyeria and Mecochirus is well supported, characterized by shallow groove angles, lightly tuberculated carapaces, and rounded, widened pleura of the second pleomere. A first pereiopod longer than the length of the carapace, pleon and sub-triangular pleura of the second pleomere are synapamorphies of Mecochirus. The genus Meyeria is split with three species, Meyeria rapax (Harbourt, 1905) , M. pueblaensis, and M. magna, that exhibit a posterior tuberculated ridge, a well-developed hepatic bulge or ridge, and unornamented pleura. Meyeria ornata (Philips, 1829) lacks these features, and is situated basal to the other species of Meyeria and Mecochirus. The genus Meyerella erected by Simpson and Middleton (1985) for M. magna should be recognized as a nomen nudum because a comprehensive description of the genus was never published. The grouping of M. magna with M. rapax, and M. pueblaensis provides further evidence against the erection of Meyerella. However, the uncertain position of M. ornata in this study invites further investigation of the genus Meyeria.
Placement of Glyphea and Pseudoglyphea as sister groups is based on the following synapomorphies: the linkage of the branchiocardiac groove to the dorsal margin, steep cervical and branchiocardiac grooves, and a developed gastro-orbital groove. This affiliation agrees with suggestion made by Garassino (1996) that Pseudoglyphea might belong in Glypheidae, not Mecochiridae, where Glaessner (1969) had placed it only tentatively. In light of this evidence, I herein reassign Pseudoglyphea to Glypheidae. Feldmann et al. (2002) notes that the inferior groove (i) is not present in mecochirids, and this feature may be useable as a family-level character. The inferior groove is present in the species of Pseudoglyphea in this study, and is strongly developed in many glypheoids (Glaessner, 1969) . However, it is not strongly developed in the representative species used in this study, Glyphea rostrata. While the inferior groove may appear as a very faint, incomplete feature in some well-preserved specimens of Meyeria, the inferior groove has not been directly observed in any of the specimens of the genus Mecochirus despite the depiction of this feature in earlier diagrams, see M. longimanatus in Förster (1971: 404) .
The cladistic analysis also shows that even though Mecochiridae do not readily exhibit many traditional characters that have been used to investigate other reptant crustaceans, recognition of new characters and the pooling of characters from several studies may facilitate further taxonomic investigation.
Relative warp analyses show overlap of the groups in all the scatter plots produced. Meyeria appears central in the plots (as it varies little from the reference shape), whilst the other groups do show trends in specific shape variation along the relative warp axes. Discriminant analyses of the 14 relative warps show clear discrimination of Mecochiridae from both Glyphea and Eryma, when both out-groups were included, and a clear discrimination between the constituent genera when the out-groups were removed. From the modes of shape change associated with the first four relative warps, it is seen that both Glyphea and Mecochirus can be identified by the geometric aspects of cephalothorax shape; that indicates that Glyphea has an elongated, sub-rectangular carapace which distinguishes it from the other taxa in the study. Mecochirus can also be distinguished primarily by modes of shape change that describe the pointed rostrum/cephalic region. Eryma can be distinguished as exhibiting a very broad and rounded cephalothorax with Pseudoglyphea following similar trends.
Eigenshape analysis of the branchiocardiac and cervical grooves managed to capture the shape variance of these morphological features observed in the specimens used in this study, predominantly the angle of the branchiocardiac and cervical grooves, and the condition of the associated hepatic groove. Overlap occurs in the branchiocardiac groove plots of the individual components with Eryma and Pseudoglyphea forming semi-discrete clusters reflecting the deep hepatic groove and steep branchiocardiac groove. Mecochirus and Meyeria both exhibit posteriorly oriented hepatic grooves with the branchiocardiac groove terminating to the posterior rather than the dorsal margin. Discriminant analysis of the branchiocardiac groove, both with and without Eryma and Glyphea included, showed clear discrimination of Eryma and Pseudoglyphea, and Pseudoglyphea from the other in-group genera. Discriminant analysis of the cervical groove with Eryma and Glyphea discriminates the two out-groups, Mecochirus, and the remainder of the in-group from each other. Additionally, removal of the out-groups allows the discrimination of Pseudoglyphea from Mecochirus and Meyeria. This reflects the shallow-angled cervical groove of both Mecochirus and Meyeria, and the steeply curved, rounded cervical groove exhibited by Pseudoglyphea.
The close proximity of both Meyeria and Mecochirus clusters in discriminant analyses of both the branchiocardiac and cervical grooves (with the exception of M. socialis in the cervical groove discriminant analysis) suggest a close taxonomic affinity when compared with the distance of the Pseudoglyphea clustering in the same analyses, adding additional evidence for the reallocation of Pseudoglyphea to Glypheidae.
Not only do these results show that landmark, geometric, morphometric methods, and eigenshape analysis can be used to investigate the fidelity of existing taxonomic groups based on other methods, but that they may also be used to identify unknown or problematic taxa by projecting them into a pre-fabricated morphospace. These methods would enable the investigation of potential taxonomic affiliations by examining the proximity of unknown taxa to the centroids of existing groups. Despite these methods highlighting a close taxonomic affiliation between Mecochirus and Meyeria, Förster (1971) suggestion that they are synonymous appears incorrect. Instead, the suite of cladistic characters and geometric aspects of shape investigated in this study can be used to delimit existing species within Mecochiridae. The current study has highlighted the validity of the genera Mecochirus and Pseudoglyphea, while also establishing cladistic and shapebased descriptors at the familial level, by successfully discriminating Mecochiridae from the chosen out-groups. Of particular interest is the subdivision of the genus Meyeria in the cladistic analysis. This grouping is given extra weight by the results of the discriminant analysis of the relative warps without inclusion of the out-groups, in which all in-group genera are discriminated, but M. magna and M. rapax occur as an overlapping cluster, in contrast to M. ornata occurring as a discrete cluster.
The successful implementation of both landmark and eigenshape morphometric analyses to investigate traditional taxonomic groups in this study implies that similar methods might yield enlightening results in studies of other decapod groups. Further investigation into a shape analysis of Mecochiridae will benefit from a larger sample size of well-preserved specimens, inclusion of the genera Huhatanka and Jabaloya, and insertion of the many unknown taxa highlighted in Förster (1971) . 
